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@ A non.lnv«.v« .ytem tor d.h,nnlmiUon of d,« main eardIor.M«U>nr parametom of the h«man 
body. 

(S) A medical davlco. utilizing a non-Invasive 

^method fbr detaimlnlng the mam candiores- 
pifaiory parametafB of a pallenfs body, and 
employing a method of operation wherein two 
or four eledrodea are applied to the patienfa 
body in a manner enabling Integral blolmpe- 
dence measurements of the totel body of a 
patient to be effected. High stability ampl^de 
altomaling current la paeaed through the eieo- 
trodea Into the body ao aa to obtain an IntBgraJ 
impedance curve of the body and derive theref- 
rom almidlanoous automatic separation of an 
adlva component The deafred cardkarBBplrat- 
Qry paramatere of the body are calculated from 
the active component of the Integral blolmpa- 
dance, uaing empiric fomnulas applicable to 
Integral blolmpedanoe msasurementa ; the cal- 
culation being accompllahed baaed on the aver- 
age data obtained during a resplmtion cyde. 
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Tha preaant Invention relates to non-invaaWo cardiac and neaplratory monitora. more particularly, to auch 
ayalomafor detarmlnlng cardiac and reapiratory parformanca using alaclrical bioimpedanca maasuramenta. 

Thermodllutron \s a wel!-toiown InvaaJve pracedura for enabling a phyalclan to detarmlne the main hemo- 
dynamic paramotefa of the human body. The patients Inveotlgaled are admitted to the Intanaive Cara Unit and 
have pulmonary artery catheters Incertad; the cardiac output direct meaauremante ara made for clinical Indi- 
cations, lea cold sallna aolutlon Is used for the thermodllutlon meaauramentB. This method Is quite accurate, 
but It auffere from obvious diaadvantagos of an Invasive diagnostic and treatment pmcsdure. 

Savanii non-invasive mathoda Intended to aubatltute tha invaaive thermodllutlon procedure have been die- 
dosed In the prior art Two 

An obvioua requirement of non-invaaive tachnlquea Is the correiaison of thefr raculla with the readings ob- 
tained by the bade Invasive malhod, auch as tharmodHulJon. It has been found that the echocardlographic 
meaaurementa are technically unsatisfactory In many cacas. 

On the other hand, the blolmpedanoe measurements, performed by modern Impedance cardiographs, 
show reasonabta correlation coofflclonto with tharmodaution. (C. Jewkee and others: Bntish Journal ofAn- 
aosfftaa/a1991;87:78a-794). . . 

The validity of (mpadance cardiography la an Important Issue because of Its potential usefulnaaa m intan- 
aive care medicine. Impedance cardiography can be uosd In the intensive care unit to monitor changea in he- 
modynamic paramatere (e.g. Cardiac Output, Systemic Vascular Resistance, etc.) as wall aa to gauge respons- 
es In these parametera to pharmacologic therapy. Thie technique would be most helpful for the poetoperatlve 
cardiac patient for clinical research of essentia! hyper lenabn and for other cardiovascular diseases. 

The bioelectric Impedance of a living tissue or the whole body to the measurement of Its opposition to an 
efectnc current passing therethrough between aleclrodea applied to the body. Differentphyaiological activities 
producing variattons In the value of the tissue's conductivity, cauae changes In the distribubon of the current 
density which are detected as variations in the impedance of these tissues or the whole body. 

The impedance readings consist of the following three major componenta; 

1. Tha base impedance (Zo) arising from the electrical characteristica of tha fundamental materials which 
make up tha tissuea (mainly, the extracell fluids). 

2. The Impedance change <«Z). aynchronbed with the cydic cardiac activity. This component forma a line, 
called the rheogrem. representing the Information concerning the cardiac activity. 

3. The impedance vwiveform (6V). accompanying the changee of the air volume and redisbibution of the 
blood volume caused by respiration. Tha combination of these three components form a curve, which is 
called the plethysmogram by aevera) researchers. 

ConsequantJy. three main groupa of hemodynamic paremalare ara reflected In the plethyamogram and 
thua can be calculated therefrom. 

Although electrical bfolmpedanca maasuramenta have been studied for more than 30 yeare, It la only In 
recent yeara that dlnlcal studies hava documentad the applicability of the bioimpedanca meaaurementa In the 
dinical setting. 

T*vo main types of the Electrical Blolmpsdanca Maasurementa (EBM) are known In the prior art: 

Local (aeomantary) EBM of the variationa In the blood volume, provided on specific parts of the body; 
the technique for Ihoradc EBM vraa auggeated by Kubicek and colleagues In 1 966, and than modified by Shra- 
mek and Bernstein; and 

tntagraJ £BfA of the whole body, enveloping practically the entire blood conducting system: the tech- 
nique Is described by M. Tlshcenko (1988). YakovIov(1973). Holzer(1970) and others. The Integral EBM tech- 
nique Is 0 priori more Informative than tha segmentary EBM; however, no appropriate technical realization 
thereof has been recorded. 

So far aa the Segmentary-typo of the Electrical Bioimpedance Measurements are concerned, it has been 
shown that Segmentary EBM employs a low level currant applied to the thorax, where changes In the volume 
and valodty of blood flow In the thoracic aorta result in detectable changes In thoracic conductivity. Kubicek 
et al. demonstrated that the first derivative of the ooclllatlng componsnt of thoracic bioimpedanca (dZ/dt) Is 
linearly related to aortic blood flow. Using this relationship, empirical formulas were developed to estimate 
Stroke Volume (SV). and then Cardiac Output (CO). (Francis G. Splnals and othera. CrHlcal Care Modhlrie, 
1990. V0M8N0. 4. USA). 

The original Minnesota Impedance Cardiograph was developed based on Kublcek's method. However, as 
reportad by CJev^kes and others. BrriiahJouma! of Anaesthesia 1991; 67:788-794, this device produced dif- 
ferent correlation coefficients with the thermodllutlon technique, varying from good (r=0.97) to poor (r=0.41). 

Several achievementa were then reported In the f told defined by Kublcak and Shramek. 

U.S. Patent No. Re: 30,101 (William Kublcak etal.) describee an Impedance Plethysmograph. Cardiac out- 
put Is measured by connecting excitation electrodes at the upper and lower ends of the thorax of a patient. 
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and oonnecb-ng measuring eleciredea to the Ihomx between the exdlatlon electrodes. A constant f luctuatnfl 
excllaUon current la applied to the excitation electrodes, and any changes in Impedance within the thorax are 
meaourod. whHst almultaneoualy measuring the beginning and the end of a systole. Cardiac output Is deter- 
mined by measuring the maximum dacrsaalng impedance slops during the systole. 

U S Patent No. 4.450.327 (Bohumir Shramak), asalgned to one of the leading companies In the field. 
BoMEO® Medical MahufbetuHng Ltd, deecrlbes a non-lnvaslva conUnuoua cardiac output monitor. The system 
disclosed aliminBtos the effect of respiration from the thoracic Impedance as a ftinction of time, so as contin- 
uously to provide a signal of pulsatile thoracic impedance changes. The pulsatfle thoracic impedance algna^ 
is processed to produce signals Indicative o f the ventric ul ar ejection t ime and the max imum rate of change of 

"Ti^efwisaMtetiwldHTS^^^^ 
pumped per stroke according to an Improved ayetollc upstroke equation. , ^ „ 

BoMED® conUnued its acthrtty In the described field and Is now offering several products. One of them 
Is the BoMED® NCCOM3 (Irvine. CA). K has replaced the band electrodes of the ordinal Minnesota Impe- 
dance Cardiograph with pairs of standard ECG eledrodes. which Improves pefionts' acceptance. It also has 
en integrated computer using a new algorithm based on the Bernsteln-Shramek formula, which allows on-line 
calculation of Stroke Volume (SV) and Cardiac Output (CO). (C-lawkes end others: British Journal of Anaes- 

""^T?!! dwlM "totsedto'measure cartlac output (CO), stroke volume (SV). heart rate (HR). and basal impe- 
dance (Zo) or thoracic fluid Index (TFI). TWo •sensing" electrode paire are pieced on the thorax at the level of 
the mld-axlllary line and en the lateral aspect of the neck. The other two paira of the 'current Injecting elec 
trades are located 5 cm above the cervical, and below the thoracic sensing electrodes. The current Injecting 
electrodes deliver e 2.5mA. 70 KHz, alternating current 

The comparison of the EBM resulte. supplied by the BoMED® NCCOM3. with the Thermodiluhon read- 
infls, have shown reasonable correlation cneffidents. . . x 

However, remarked concerning the BoMED® apparatus, it has been shown In several studies (C Jew^es). 
(Francis G. Splnale): (Kou Chu Huang and othere. CriUeal Care Uadtelne. 1990. Vol 18. No.11). that 

. ihe apparatus overeetlmatoe at low and underestimates at high values of cardiac output motherworts. 

there is no linearity In the measuring charactorisBcs: and 
• the apparatus is critical to the form, type and placement of the electrodes. ^ ^ , 

U S PatentNo 4 807.838 (B.Shramekand assigned to BoMED®) continues to describe the development 
of the equipment, beeed on EBM. A non-invaaiva continuous mean arterial blood pressure monitor process 
the electrical impedance across two aegmente of body tisoue (thorax and legs) to provide a sjgnel for each 
aeament that Indicates the Increase In blood flow in each segment at the beginning of each cardiac cycle JTie 
cartlac output of the patient Is also meesured and the Mrdlaclf^^of the padani is calculated from the cardiac 

should be noted, that the monitor's measuring unit compri'ses a current source having a high frequency 
constant amplitude electrical current output The second segment's appearance in the monitor reflects the nec- 
essity of obtaining more representative Informadon concerning the human body'e hemodynamic parametere. 
However, the second segment's readings cannot aubatltute fbrthe integral picture of the human body's hemo- 
dynamic parametere. The electrodes, used In the monitor, are arranged on the two segments m the way de- 
scribed In the prevtous reference, it means that an unpredictoble error win appear due to each pair of the ex- 
cltebon and measuring electrodes and due to the distance batweon these palre. 

The regular segmentary thoracic EBM method and the same dlsposltton of the excitation and measuring 
electrodee are ueed in the new BoMED® model 2001 Hemodynamic Manegement System HDMS. A constant 
magnitude altarnaUno current having a frequency of 70 KHzend emegnltude of 2.5 mAf lows through the thor- 
ax. The apparatus does not demonatrato any revolutionary approach to the problem. 

Analyzing the syatema. which Implement Kublcek's and Shramek's method, it should be noted that they 
are not eccurato for the following reaaons: _ . , . • 

1 Calculation of all the main Volume" hemodynamic parameters (Stroke volume, Ca.-dlac output, etc.) is 

accomplished by using the derivative of the impedance (dZ/dt). but not the Impedance Itself (Z) or its active 

component (R). being the direct charactaristtea of the fluid volume. 

2. Non reliable resulte of caicuiatkjns are achieved owing to non-lmearity of the impedence and necessity 
to provide complicated current corracdons. 

3. Disperaion of the messuring current out of the segment measured in the other parts of the body. 
4 Geometry of the pertlcular chest or other eegmenta Is not taken Into consideration. 

5. Errore occurring owing to the Initial non-accurate electrodes' dislocation on the thorax, and their dis- 
placement caused by respiration. . » ... 

6. Quite high error of calculations owing to the fact, that (aZ) Is meesured relatively to the partJel. ssgmen- 
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tary (Z) of the body, but not relatively to the total (Z) of the whole body. 

7. The neceserly of the second channera algnal (ECQ) for aynchronlzatton of the meaaufBmenlo, In add»- 

llon to the rheogram algnal, reaulla In a plurality of electrical wirea needed for the patlenf e ^mlnatlon. 

Moreover, these aystama do not obtain and calculate parametera. charartailzlng the reaprratory ej^tem. 

One of the latest local EBM tachnlquee which have been recently developed la deacribed m U.S. PaDent 
No 5 178 154 assigned to Sorba Medical Syatama. Inc. There la diacloaed an Impedance candlograph and 
i^^mS?5f5pe^ thereof, utilizing peak aligned ensemble averaging which provides high meaaurement ao- 

^"™H^wevar, the Sorba ayatem atlll suffera several drawbacks. Thua. In the f Irat Inatance, the meesunomenta 
are provided by a tetrapolar ayatam of electrodea which is complex. Inconvenient to the patient and reaulla In 

^'^2S)ndIy. the main parameter to be measured (Cardiac Stroke Volume) Is computed by the Sorba ayatam 
from a limited araa eactlon undera line of the nwlhematlcal derivaUve of the blolmpedance curve of a cardiac 
cyde. More particularly, thia area reflects only the phase of the feet ejection of blood by the heart, and thua 
cannot reflect all specific processes of blood distribution taking place during a complete cardiocyde (and having 
an influence on the cardiac paramalars). . . ^ --^^ai* 

Thiidly. owing to the fact that the Sorba eyotem provldea the thoracic impedance measurements, aignate 
charactarlzJng caidlac actMty are much weaker (1 0%) than carrier signals of respiratory cydas; however, the 
small cardiac activity signals In Sorba'a eyatem are thoroughly sorted out, averaged and processed, while the 
respiratory osdilatlons are considered aa arttfacta and are not analyzed. It Is underetood. that when using such 
an approach the respiratory paremetera cannot be defined, and the accurecy of calculaUons of cardiac para- 
metere may he difficult to achieve. . 

Also known is the eo^led Integral EBM of the whole body, enveloping practically the entire blood con- 
ducting system. This technique Is described by M. Tiahcenko (1988), Yakovlev (1973). Holzer (1970) and oth- 
ere. The Integral EBM Is a priori tmrs informative than the segmentary EBM; however, no appropriate technical 
realteatlon thereof has been recorded. , ^ u i. 

The Integral EBM of the whole body was originally suggested by M. Tlshcenko (for example, -nshcenko 
M I : TTie biophysical end Intogml basis ofintegraimBihodfordotBrm/natlon ofsUvka volume of human blood 
system; Abstract of Ph.D. dissertation. Moscow, 1 d71). This method Indudes applying electrodes not to a seg- 
ment, but to the whole human body; conveying a low alternat^ng currenthavlngafrequency of 30KHz. paaaing 
through the whole body: measuring the whole body's impedance with a rhoograph having a meaaunng bridge: 
separetran of the active component of the Impedance by manual tuning, and using it for the subsequent cal- 

*^^^The "inlagral EBM method thusdescribed enables the operator to obtain information, concerning the whole 
cardiovascular system of the body; the main hemodynamic parameters are obtained using different empiric 
equsttons derived by M. "nshenko for the Integral measurements. Owing to the lerger length of the body, em- 
braced by the electrodes, calculation errora cen be minimized. The method uses a bipolar electrode eyatem. 
which Is simpler and less prone to error than the tetrapolar Kublcek'a system used in the segmentary type 

EBM method. ^ , 

However, the system ueed by M. TTehcenko, needs to be calibrated before every measuramenl; it also re- 
quires tuning In order to exdude the reaotJve component of the Impedance. The other problem Is the error, 
caused by the reactive component, appearing between the elecbodes and the akin at the place of their contact. 
Thl8 error Is almost Impossible to remove by tuning. The accuracy of the calculations completely depends on 
the manual adjustment, thus rendering the Tlshcenko system unreliable. 

.K^asoarch accomplished by the applicant prior to making the present application was Intended to satisfy 
the requirements of modern dinlcal Investigations, auch as: u j j i 

e Obtaining complete Information concerning cardiorespiratory parameters, which can be provided only 
by means of the integral EBM of the complete human body, such as: 
hamodynamie paramotare: 
o Stroke Volume 
o Systolic Index 
• Pulse rate 
o Cardiac output 
o Heart Index 
o Reserve Index 
o Total Resistance Index 
o Index of Tone Stabilization; 
Respiratory parametera: 
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• RBtsofreapiretion 

• Indax of Respiration changes 

• index of Respiration IntsnsivBnsBs; 

• Index of Hemodynamic Security; 

and additional Important paramaten, such aa: 

• Volume of Extracell Fluid of the whole body 

• Index of Fluid balance of the whole tMidy; . j-, < ^ 
. obtaining resulls of high accuracy and rapioducibiGty when compared with the Invasive Thermodiluhon 

. !^Iid^g tl!f error, which may be caused by the type, construcfion and placement of the electrodes used 

ThJ iSS-hl^Mife miC and system, which were Investigated by the applicant, were fPP'y'"^ " 

four electrodes to the axtremttles of a pattent's body. Introducing an alternaang cument ^^^»l^^^;^^°J^l 
Sroughthopattonl-abodyifurther obtaining the lntegn.1 impedance curveof the human bo^^^^^^ 

frodes- and applying a oomputailMd calculation of the cardlomspimtory paiwrietore of the complete patent's 
Sy and paSbL a^ncerning the extmcell fluids of the psHsntfa body fh,m the integral blolmpedance 

curve, using empiric tormulae applicable to integral blolmpedance measurementa. 

H;«.avJr. whan performing measuramonls with the above-mentioned four elaclrodaasystem.a«lBth.e^^ 

waaklntBomlblolmDedancasignBl to atlii received from the human body. . . ^ 

"^O^e^Son farJhls effect IS that the measurtng cur«nt IS diss 

of the patient, aa well as over the four of the patienf s exIremHies. acting Ilka parallel branches of thejjertric 
dn:ulL Secondly, the measuring current flow which peases through the human's "^^^ 
system Is not mainly directed through the reel targets of the measurements, such aa the heert and the chest 

Tl!«: t'^S^ !S:a a negative influence on the reliabllUy of the measureme.tB. *^or^;''-foure^^^^ 
trodL whlci, am to be applied to the human body, still cause a certain amount of Inconvenienoe to the paUent 

'"^Us'^^a°r^o'^^ object of the present invenaon t^ 

for t e deteSSii of the maln'cartlo,aspln.d>ry pammeters of the human body ^^^"^ P'^'^'^"^ 
suiting In e high caloilatlon accuracy to be accomplished by the computerized system, and having a secured 
electrodes' contact to the patienf a body when taking the required measurements. H-»-rmininn of 

According to a fftat aspect of the Invention, there is provided s non-mvasive method for determining oi 
the main cardlorsspiratory paiameters of the human body, comprising the steps oft 

applying electiod Jto the paHenVa body In a manner enabling to obtain Integral blolmpedanee mesa- 

uremento of the total body of a paUent: ^ , ,„h, h«ri«- 

Introducing a high stability amplitude alternating current through aaid electrodes Into said boay. 
obtaining an integral impedance curve of said body from the eledrodBs: , j 

piovidino simultaneous automatic separation of an active component from said inlagral ''T^^^'^^^^^";' 
apDlyinfl a computsrizad ealculathm of the cardiorospiratory parametere of said body from the acUva 

component of saw Integral blolmpedance. uaing empiric formulse applicable to Integral blolmpedance meaa- 

"'""""tTs calculation being sceompllshed based on the average data obtained '"S « "«P'™"«" J^"='"' , 
In accordance with a preferred embodiment, four eloctrodos are connected In two paire to the extremities 

of a patlanfs body: each pair being used both for current Injection and voltage measuring. 

By comparison with the aituation where only two electrodes ars applied. 11 has been found that connecting 

only two electrodes enables: 

c the currant dispersion to be reduced throughout the pallenrs body and extremiUea; 

• the main current flow to be applied to the heart and the cneet part of the pattenfs aorta, these being 

the major target of the Investlgattan: ,„» »h« 

. the measured Integral blolmpedance of the patlanfs body to be Increased, thus Increasing the accuracy 

of farther calculations of the needed parameters: „ , 

o the othertwo extremities of the patient to be fireed for other possible treatmenta or patienf s simultaneous 

» fh^llrffuence of random movement or tremor of the paOenfo legs and/or hands to be reduced. 

It should be nolBd that If any pathological changes are found in the extramitias of the patient, or if some 
specific extremities are In the procesa of other kinds of treatments at the same moment, altornabve less pre- 
^Tb^comblnstions of the electrodes' positions can be used. More particularly the «f J^^^ 
either connected to the distal parts of the right arm and the left lag. or to the right arm and the right leg. or to 



5 



EP 0 575 984 A2 



the left arm and the left leg. ^. . ^ ^ * v » 

According to a second aopocf of the Invention, there la provided a norvlnvaolve medical device for dotar- 
mlnlng at least one canilorwplrBtory parameter of tha human tjody. said device comprising: 

at least two elodrodee. ^ , ^ ki k 

electrical total body Integral bloimpedance measuring unit coupled to the electrodes and including a nign 
atabllKy amplitude alternalfve current source and an electronic circuit for automatic derivation of an active com- 
ponent of said integral bloimpedance; and ^, ^ 

a computer coupled to the electrical Integral blolmpedsnca measunng unit and to e display means for 
calculating and displaying said at least one cardiorespiratory paramatsrfrom the active component of the In- 
tegral bloimpedance. ^, , 

in a preferred embodiment, two electrodes are applied to the patient's body according to a bipolar system. 
80 as to be used both for current ejection and voltage measurement, the two electrodes being connected to 
the electrical bloimpedance measuring unit via a single channel. 

In order to understand the Invention and to see how the same may be carried out In practice, some pre- 
ferred embodiments will now be described, by way of non-limiting example only, with reference to the accom- 
panying drawinga. In which: . . < 

Fig. 1A Is a block diagram showing functionally a measuring system according to the Inventjon using four 

elecfarodes; 

FIfl. 1B Is a schematic circuit diagram representing the system shown In Fig. lA; 

Fig. 1C is a block diagram showing functionally a measuring system according to the Invention using two 

electrodes; . 

Fig. ID Is a schematic drcuil diagram representing the system shown m Fig. 1C; 

FIga. IE, IF and 10 depict modifications of tha system shown In Fig. 1C; 

FIfl. 2A Is a block diagram showing achemallcally an electrical Integral bloimpedance measuring system 
according to the invention; 

Fig. 2B is a block diagram showing a modW Icalton of the Instrument shown In Fig. 2A; 

Figa. 3A and 3B ara a flowchart showing the principal etsp« In a method for using the measuring system 

according to the Invention; 

FIfl. 4 is an electrical circuit diagram of the high stability amplitude alternative current source shown In 

Fig. 2A; . 

Fig. 5 19 an electrical circuit diagram fbr achieving automatic separation of the active component from the 

Integral bioimpedance; and 

Fig. 0 is a timing diagram ralating to operation of the circuit ohown In Fig. 5. 

Figs. lAand IB show respecdv^y a block-diagram of a non-lnvaslvo four-electrode system for automatic 
express determlnsHon of the main cardloreaplratDry parameteiB of a patient 10 and an equhralent elecfrlcal 
circuit diagram of the patient 10. 

Four electrodes 11, connected In two paira, are applied to the distal parts of the arms and legs of the patiani 
10. An electrical integral bioimpedance measuring unit 12 dellvaraa high stability amplitude altsrnalino current 
through a single channel 13, via the electrodes 11 to the patient 10. The Integral Impedance curve of the patient 
10 IB obtained from the same eloctrodee 11 and Is transferred through the same single channel 13 to the meas- 
uring unit 12. which converts the Integral Impedance curve. The convortad working signal Is then transferred 
through a second single channel 14 to a computer 15. where cardiorespiratory parametere of the whole body 
and parametere concerning extracell fluids of the whole body are calculated using empiric formulae. 

During a Monitoring Mode, peraonal data characteristic of the patient 10 which Is entered Into the computer 
15 via a keyboard (not shown). Typically, the peraonal data includss height, weight, age, aex, results of a blood 
tsst, identification index, etc. An output signal 14 from the electrical Integral bloimpedance measuring unit 12 
is fed to the computer 15 and are stored In an Internal table therein. Prsllminary procaasing of the raw data is 
performed so as to derive a plethysmographlc and rheographic curve, on the basis of which the respiratory 
cycle and heart beat complex Indices (marks) are determined (the beginning of the anacroUc slope, the length 
of heart complexes' cyde. their maximum amplitude, etc.). The area oectton under the Initial Impedance curve 
reflecting the phases of the fast and alow ejection of the blood during a cardtooyds Is used for computing the 
main parametere. Based on this data and the patient's peraonal data, the parameters are determined using 
empiric formulae, newfy developed by E. Frinerman, one of the inventors of this Invention. 

The basic hemodynamic parameter Stroke Volume (SV) is calculated according to the following equation: 

SV o o 6r^22^- • ^-s^ ^ k0i ^ Kw om (1) 

K(8hmpo o aaxo egc) R P 

whore: 

Hct^r. ^ corrected Haemotacrytls, being 145 * 0.35(Wc^- 40): 
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Haemotao-ytlo, obtained from the blood analysis of the patient; 
K(9hmp^sax^agQ) a complax cooffldanl of tha Individual patienfa body, being: 

mra younger than 20 years old women younger than 18 years old 
= 527.3 -(3.1 • (Actual Age -20)); = 587.6 -(2.9 • (Actual Age -18)); 

men older than 40 years old women older than SO years old 

= 527.3 + (3.1 * (Actual Age -40)); = 587.6 + (2-9 • (Actual Age --50)); 

thd ratio diaracterlzlng the meaaured active blolmpedanca component's change; 
H the corrected height of the patient, given by. 



= 2) if body to^ =o.66±0.04 

(2) 



' legs length 



or 



if ^y/^ =0.54^0.04 
«^ legs length 



+ p duration of a carttac cycle, being a eum of to anacrotic and cataorollc parts; 

B duration of tha calacrotic part of a cardiac cycJe; 

f^l coefficient of electrolytic lona In the patient's blood, calculated based on the blood 

analysts and being given by: 
30 a) fbr'tho patients exposed to a hemodlafyalo 

i^^i _ We" ^ fC^ Ma*-^ Ca^mmoW 

142 + 1S(innH>W) ^' 

b) for other patients 

^ 142(mmoW) 
K« the weight coefficient, being ,^S'Se7j!S''- 

» (according to the International Tables of Ideal weights) 
/a Index Balence. given by the fallowing ratio: 

^ The iweaaunsd volums of extraoellular fluids 

■ Thepropervolumeerfaxtraofillular fluids 
The above described novel equation demonstrates that Individual dttferances in a blolmpedance of a spe- 
cific human body can be considered by correcUng the formuls sccording to the particular features of the pa- 

^ **^"?he°^mputer 15 ie programmed to calculate a plurality of parameters beaed on the above definition of 
♦he Stroke Volume equation. For example, the following parametara can be computed: 

Index of Respiration Chang.. <IRC) la calculated according to the following formulae, reflecting the 
Stroke Volume changes relatively to respiration: 

„ - iCm of t he same cardlocycle 
so (C/P)ofthosamecardlocyd« 

whors' 

Y is the maximal amplitude of the anacrotic part of a cardlocyde. defined during one respiration cycle: 

the minimal amplitude of tha anacrotic part of e cardlocyde, defined during the same reeplratlon cyde: 
56 C/D see the explanation of (SV) calculetlon. 

The Extracoilular fluid Volume of the whole body T^scf) (by U. TIshcanko equations): 

\/^^ K ^ H' ^ ^ 10^ (7) 

where: 
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K is a coefficient, being 95 for mala and 115 for female; 
R (8 the patient's body roslatanca; and 

" fL? f ?an?iD?hoL respecttvely a block-diagram of a non-Inva«K.« .w«>electn,da 'y^'^-^f^^"""*"*; 
expreao datarmlnation of tha main eartloreaplmtory paramatara of a patlant 10 and an aqulvalent alectrlcal 

'^'"Af?2.ir.^ril'??a'l^^^^ 

part of the patlanf a right leg. All the othar elements of the ayatem camain the same as tha syatam deacnbed 

''^tVhrd^'^o.I"di'J;^ng to tha dlffa«nce between tha ecdvalan. aladrlc dlag^m. of the paBant 
10 used in tha aystatn shown In Rga. 1B and ID. tha integral blolmpedance of the patent ae meaaured bytha 
syatam of Fig. 1C will ba higher than that meaaured by tha ayatem accortlng to FI9. 
■nils enables a stronger InRlal signet to be obtained, thus Improving the accuracy of the further electric trans- 
fermatlons and calculationa to be accomplished by the system. 

Moreover, the current flow is mainly directed through tha heart and the cheat part of the patients aorta, 
balna the actual target for the meaaurementa; and tha currant Is lass dissipated throughout tha extremlttes 
end chest arterlea These two tactom improve the reliability of the msasuromenls Moreover d"cnbad 
twoeleetrode ayatem Is mora patfent-fHandly than the tour-electrade system and also enables en operator to 
effactalmultaneouslysoma additional needed meaaurementa or treatments on the paOenrsse^^^^^ 

Some other possible vartania of the electrodea connection are showed In Figs. IE to 1G. In each case, 
elthertwoorfourelectrodesmey be connectad tothe patient Incasaof the fbrmer. the arrangamen reduces 
to the bipolar system described above with reference to Figs. 1C and ID of the drawings. If the electrodes 
which are shown dotted are alao connected, then the arrangement describes a tetia polar schema .n wh>ch two 
of the electrodes are actSvefor Injecting the currant, whilst two of the electrodea are passive for detecting the 

"'"StalSlS'of parameteia to be accomplished by this modified ayatem needs epecif Ic corrections in com- 
parison with hitherto-proposed calculations for the four-electrode ayatem. These corrections may be effected 
by means of ac^usting of the empiric ooaff Idents as defined above. , - , o 

FIfl 2A to a block-diagram of the electrical Integral blolmpodance measuring umt depicted as 12 in Pigs. 
1A and IC. II should nmt be noted, that the human body behaves, from an electrical point of view, as an RC 
impedance. The operation of the unit 12 described below clarifies the method suggssled m the present appll- 

"'Tlie electrical integral blolmpadance msaauring u nil 1 2 comprlaes o voltage pulae generator 21 .producliig 
30 KHz rectangular puloeo. These pulses are directed to a oontrollable gain amplifier 22 an ouDet of which is 
connected to a Cheblshev filter 23 for converting the algnsi to a sinusoidal form. TTie oudat of the filter 23 Is 
connected to an Inlet of a symmetric high stability amplitude aiJarnatIng current source 24. The high stablily 
amplitude current maintained at the outlais of the current eourco 24. is applied through two paira of electrodes 
25, 26 to tha human body 27. . , w • j > 

The voltage signal, proportional to the human body Impedance Z (oonatltullng an integral bioimpadance) 
is generated within the petienfa body and transferred from the electrodes 25. 26 u a high prodalon amplifier 
28 whose outlet Is fed to e f irot Input of a synchronous detector 29. The synchronoue detector 29 hae two func- 
tions: firet. It rectiflea the obtained Inlearal blolmpedanca; and secondly. It provides almultanaous derivaUon 
of the active component of the Integral blolmpedanca voltage vector. This component Is directly proporUonal 
to the reslatlve component of the load (reslalance of the blood system so stated by Tlshcenko). 

The second function Is provided wit h the aid of a switch controlling scheme 3 1 . connected at an Inlet thereof 
to an ouUet of the filter 23. and at an outlet thereof to a second input of the synchronous detector 29. 

Tha linear behavior of the synchronous detector 29 simplifies the calibration process and reduces It to a 
one time, initiai edjusbnenl (instead of a per cycle calibration). 

Alowftaquercy fllterSO being, for example, a low pass Bessel filter, Is connected to an ouBet of the syn- 
chronoue detector 29. The low-pasa f Hter 30 cuts off high frequency components, for example above 32 KHz. 
and delivers a working signal. The working algnal. being the active blolmpedanca component. Is then divided 
by a capscitor 32 into a direct component and an alternsUng component The alternating component is ampl»- 
fled by a high scaling amplifier 33 end is fed together with the direct component to respective inlets of a mul- 
Uplexer 34. An output of the multiplexer 34 Is connected to an anslog-to-dlgltal (A/D) converter 35. which is 
connected to the computer 15 (Figs. 1 A and IC) through a bansmitter 36. 

Also provided la a self-testing block for testing the unK before starting the measurements compnslng a 
control unit 37 connected to the second outlet of the confrollable gain amplifier 22 and a simulating Impedance 
circuit 38 connected across the patlenro body 27. 
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Flo 2B isablock^lagnimofamodincatloneOof theunitof lha instrument described above with reference 
to Fig 2A of the drawings. The BloUnpedance Measurlna Unll which la depleted in FIfl. 2Aw5th.n a dashed l.rje 
16 now shown as 61. It should ba notad. however, that two alaelrodes BZ. 69 ais now apP^^ to two of the 
pauenf s axtremlUea. and are shown outside the Blolmpedanoe Measuring Unit 81 (as opposed to the four eiBC 
^odM shown in Fig. 2A Inslda the dashed contour). Two additional ECG electrodes are applied to the arms 
ofthe patient and connected to an ECQ measurement circuit 64. , 

A micro-controUer 65 (such as modal 80196KC manufccturad by Intel®) combining the functions of 
AJO converter and a mlcroprocesaor. is provided for procaasing in real time a curve obtained from the ECG 
circuit 84. together with the curve obtained from the Blolmpedance Measuring Unltai and being acomposibon 

mloo-eontroller 65 racalves the InWal complete blolmpedance curve from the Blolmpedance Measuring Unit. 
61 (more particularly from the output of the High Practalon Amplifier 28 shown in Fig. 2A) When processing 
both the Iniaal blolmpedance curve and the curve of the active blolmpedance component, the micro-controller 
65 and a computer 66 (such as a note-book computer) continuouoly calculate a capacitance of the electnc cr- 
cuit of the human body. The value of the capacitance of the human body can be calculated by tha formula: 

Z ' R - (8) 

®"*'^"^°i°rftSe oScllanca over a predetermined threshold, or oscillation of the capacitance Indicates 
dearadatton of the contacts between the elecbodea and the paiianfs skin. In such case, an appropriate alarm 
telcUvated under control of the computer 86. The outputa of the mioo-controller 65 are connected to the com- 
putarGB via IsolaUon circulta 67 (such as opiisloolatore MOC 8080. Motorola®) providing electrical protection 
of the patient from a random voltage, via a correction circuit 88 (ouch as the driver RS232C) and an appropriate 
R9232C caWa 69 The correction clreuK 88 and tha micro-oontronor 85 are supplied with electrical voltage of 
45V from the computer 66. The voltage *6Vi3 converted to ± 5V by a DC/DC converter 71 . which Is further 
connected to a power supply unit 70. Ttie DC/DC converter 71 also performs a function of an Isolation circuit 
TTio power supply unit 70 provldae the blocks of the Instrument 60 with electrical voltage ± SV. 

Ftos. 3Aand 38 shows a flow diagram of an algorithm in accordance with which tha system funrtlons. 
At step 100 the ayatem Is switched on. and the duration of the monitoring session is chosen. The duration 
of the monitoring session can be defined as a duration of an initial blolmpedance wrve section Intended for 
an averaaad calculation of the neceasary paramatere. and can be chosen In the range of about 10 to 30 sec. 

At step 102 a check la parfbrmed In order to detarmlne whether the Information from the Blolmpedance 
Measurement Unit 61 to obtained on the display. If not. the reason should be detected and indicated by at least 
one of the following test btocks: 

Block 1 04 The impedance between electrodes and the skin la not stable; 
Block 109 There is no contact in the cable RS232C; 
Block 1 08 The ECG electrodes contact Is poor, 
Block 110 A poor contact of the blolmpedance measuring elecbodea. 

Af tar overcoming the reason for the malfunction, the cyde should be started again (returning to step 102). 
tf no ealt command wore keyed by an operator (block 112). the digital test readings of R (active Impedance). 
C (capacitance), and Z (complete impedance) win ba displayed In real Ume on the display (step 114). 

When these parametara are atabilizod (atop 118). the next procedure Is started wherein the QRS pulse Is 
derived from the ECG curve (slap 118) for marking tha blolmpedance curve. , , . , 

Step 120 repreaents the proooasea of marking of the blolmpedance curve by the morka obtained at step 
1 1 8. further processing of the rheographlc InformaUon and computing the main cardiorespiratory paramets™ 
tjelng based on the average data obtained during a respiration cycle. 

If a recort of the computed parameter* Is not aborted at step 122. the parameters should be stored in the 
computsr. The paramatere In the ayatam can bo computed either In s regime of a single measurement (step 
124), or in a contlnuoua regime (step 128). 
so The computed paremetere may be stored In the computer In one of the following two ways: the values of 

the peiametere can be either entered Inlo a data base of the patient In the computer (step 132). or the para- 
meters can be written down as a temporary protocol In the computer (step 134). Atstap 1 30 It Is decided wheth- 
er ornol the data base ahould be used for the record of the computed paramatars. 

When the single monitoring session la finished, a pluralKy of the computed parameters are Indicated on 
65 the display (step 136). At step 138 there Is defined whether or not to repeal tha measurements. The order to 
repeat the measurements can be entered either manually by the operator, or «"tom«tic^ly^ iha contmuous 
m^me were chosen. If auch an order la recoh/ed. another monitoring session will be started, and sdd^onal 
readings of the paramelara wlU be recorded. If the measurements are not to be repeated, the process will be 
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stopped at atop 140. 

Fifl 4 ohows an BlecWeal acheme of the source of the high atabBIty amplitude elternaOve currant across 
an RC load The current source 24 hae a aymmelrlc atruoture In order to mfnJmtee errors and nolaa appeanng 
In the output signal. The aecond feature Is Ita high stability (1(H to 10-^. The varlatfona In the reslatance. due 

5 to heartbeat and recplratJon cydea, are In the range of 1(H of the total value. In order to make the measure- 
menta of thesa varlaUons reliable, the etablllty of this circuit has to be at least two orders of magnlhjds greater. 
The high atabflity amplitude alternative current aource 24 comprises f iret and aecond symmetric current 
sources 41 and 42, in order to minlmtee errora appearing In the output signal. The two symmetric current aourc. 
es 41 42 are cannectad to the voltage pulae generator 21 through the amplifier 22 and filter 23 (see Fig. 2A), 

70 -Wiirput point loshown-aa -Input- In-R 

inverter 43. and the aecond symmetric current source 42 Is connected to the "inpur directly. 

The first current aource 41 slabUlzes the positive half-wave alternating voltage Input, and the second cur- 
rent source 42 etablllzes the negative half-wave alternating voltage InpuL Each of the symmetric current sourc- 
es 41 42 comprises three high precision operational ampllflera In conjunction with asooclated circuitry. The 

16 f iret operational amplifier 44, having a high output reolstance, Is fed with the alternating algnal from the Mnpur 
point at the Inverting Inlet A positive feedback Is formed on the amplifier 44 by a aecond high precision, high 
speed operational amplifier 45. The firet and aecond operational amplifiers 44, 45 alabilize the aliernBtIng cur- 
rent, passing over the RC load 46. The oudet of the first operational amplifier 44 and the non-lnverUng Inlet 
of the second operational amplifier 45 form a zero point "O". 

20 Owing to the high output realatance of any current source, stray currents or an asymmebic Input voltage 
may deter the current aource from the operating. In order to prevent this, the third operational amplifier 47. In 
conjunction wtth Its oppropilate circuity, la connected at ite inverting Inlet to the zero point "0". and at its outlet 
to the non-inverting inlet of the f Iret operational amplifier 44, The operational amplifier 47 provides a zero vol- 
tage DC level at the zere point "O' , thus maintaining the currant source In correct working condition- The load 

29 46. being a human body, io oonnectad to two symmetiic zare pointa of the two oymmoU-lc current aources 41. 
42. 

Figs. 5 and 6 ehow respecthrely the electronic circuit 50 for automatic derivation of the active component 
from the Integral btolmpedance, and a lime diagram describing the drculfs operation. The circuit Is constituted 
by the synchrenouft-detoctor 29, assoctatBd with the switch oonfrolllng acheme 31 In Fig. 2A- 

30 The circuit 50 compriaea f Irat and second operetionel amplifiere 51 and 52. respectively. The first opera- 
tions! amplifier 51 Is connected at Its Inleta to the high precision amplifier 28 (see Fig. 2A). The second opera- 
tional amplifier 52. functioning as a comparator, is connected at Ita Inverting Inlet to the outlet of the filter 23 
<Flg. 2A) through an RC timing drcult 53. An outlet of the aecond operational amplifier 52 to connected to the 
non-inverting Inlet of the f Irat operational amplifier 51 through an electronic ewltch 54. The RC Uming circuit 

35 53 la Intended to remove a delay In the triggering of the comparator 52 and the awltch 54. 

The electronic circuit 50 operates aa follows. An alternating voltage U, from the outlets of the high preasJon 
empllf ler 28 Is applied to the both Inleia of the firet operational amplifier 51. The voltage is proportional to 
the voltage appearing across load constituted by the human body and represents Its blolmpedance. 

An alternating voltage Uofrom the outlet of the filter 23 is applied to one Inlet of the comparator 52 through 
Mi the RC timing circuit 53. Owing to the fad, that the voltage Uo activatBa the high etability amplitude alternative 
current source 24. this voltage is proportional to the current Io. passing through the human body load. 

It can be seen on the timing diagram, that the curve is delayed nelath/e to the curve: the delay being 
predetermined by the reactive component of the human body load. If Uo becomes positive, the comparator 52 
win Immediately turn off the awltch 54 (see the Upomp curve), and a voltage will appear on the outlet of the 
46 amplifier 51 whose magnitude la given by: 

^ ' (0) 

where: 

K la an amplifying coefficient 
If Uo becomes negatJve. the comparator Immadlatsty operates the switch 54, and the amplifier 51 Inverts 
60 the Input voltage, whereupon the output voltage will be: 

U^m aK - U, (10) 

Hence, the scheme described accomplishes detection of the input voltage U,. The U^ curve haa positive sec- 
tions, which can charactartee the active component of the U, voltage curve by their duration and amplitude. 
The positrve U^ voltage is filtered by the low frequency filler 30 (Fig. 2A), At the outlet of the filler 30 on 
56 alternating voltage U, Is created, equal to the average value of the Ua vollage. Voltage V, can be described by 
the following equaUons: 
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r 

(2/. • r • z) I, 



-to - 

where: 

l„ Is the amplitude of the current passing through the load; 
K Is the ampltfylng coefficient = U^fU^ 
m ts the angular frequency: 
15 ^ Is t he delay angle batwaan the currant and voltage curves; 

-"♦■^^ 

Z the Impedance of the load being g iven by: 



(11) 
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25 
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(13) 



T Is the period of the sinusoidal signal. 
30 Using all these data It may ba shown that 

t/r- |f*n» f9 (14) 

Hence, the voltage Ur appearing on the oudet of the flllar 30 la proportional to the active component R of 
the blolnripedance of the human body. 
3S It has been shown that the method according to i he Invention comprises applying the electrodes according 

to either a bipolar or tetrapolar system. In etther case, a preliminary connection of four eiectrodas may be ef- 
fected to the respective distal parta of the human extremities, whereafter the Integral impedance is preliminarily 
measured between each pair of elactrodea placed on each arm and leg. Determination of the main cardlores- 
piratnry parametera of the human body la made In accordance with which pair of electrodes la characterized 
40 by the lowest inbsgral impedance. 

In accordance with one embodiment, the method according to the Invention further Includes s computer, 
ized calculation of parametara concerning exfrBoelluIar fluids of the patient's body, the calculations being 
based on measurements accomplished at two different currant frequencies. 

It should further be noted that the method acoordtng to the invention may also be employed for revealing 
the pathological extremitlea. where arterial blood circulation defects occur or another pathological defect takes 
place. 

Moreover, If both of the upper extramitjaa ana under traabnent or have assoclalod therewith psthoiogical 
defects (thrombophlebitis, tremor, oedema), or \f the patlem needs to be monftorad for a long period of time, 
orhas to have his arms free forother types of treatment or for required physical exercises, other arranQaments 
of the electrodes' connection can be effectad, espsclally for measurinQ of cardlo-parsmetarB, 

In the preferred embodiment a plurality of such parametera are calculated by said method. Including he- 
modynamic parameters such aa Stroke Volume. Systolic Index. Pulse Rate. Cardiac Output. Heart Index. Re- 
aerve Indax. Total Resistance Index. Index of Tone Stabilization; and respiratory parameters such as Rale of 
Respiration. Indax of Respiration changes. Index of Respiration Intenslveness. Index of Hemodynemic Secur- 
ity, and additional parametera. such as Indsx of Respiratory Duration and Index of Tidal Respiratory Volume. 

In yet a further embodiment, a pluraJlty of paremetsrecharactarizing oxtracellularflulda of the human body 
are calculated, such as Volume of Extracellular Fluids of the whole patlenfs body and Index of Fluid Balance 
of the whole body. 
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While the preaant Invention hao been described with the reference to the attached drawings rt should be 
appreciated, that other embodimenta of the described ayatam and ifa elementa can be auggaatad and ahould 
be oonaldared aa part of the Invention. 



Clalme 

1. Anon-lnvaalve method for determining of the main cardiorespiratory parametare of the human body, conv 

pmlMiha^^^^w™ 

measurementa of the total body of a patient ,^ , „oih hnWu- 

Inb-oduclng a high atablllty amplitude alternaUng current through aald electrodea Into said body; 
obtaining an Integral Impedance curve of aaW body fix»m the electrodea: characterized by the fol- 

lowing ^^^'i^^ simultaneous automatic separation of an active component from eald Integral impedance: 

applying a computarized calculation of the cardiorespiratory parametera of said body from the ac- 
tive component of aald Integral blolmpedanoe. using empiric formulae applicable to integral blolmpedance 

meaouremente. ^^^^^^ being accompllahed based on the average data obtained during a resplratfon cyde. 

2 The method according to Oalm 1 . further characterized by calculating parametera relating to axtraosllular 
fluids of the patlenf s body: said calcuIaUons being baaed on measurements accomplished at two different 
currant freq uencies. 

3 The method according to Claim 1 , characterized In that the four electrodes ara applied to the extremities 
of a patlsnra body: said four eladrodea being connected In two paira, each pair being used both forcurrent 
injection and voltage measuring. 

4 Ths method accoixJIng to Oalm 1 . characterized In that the two eledrodes are applied at twodlatal parts 
of the patient- a extremities respectively, so as to indude the petlenf a body as part of an electrlcai circuit 
formed between aatd electrodes. 

5 The method according to Claim 4. characterized In that one of the two electrodes Is applied to the distal 
part of the left arm, and the second electrode fs connected at the distal part of the right leg of a patient 

e The method according to Claim 1 . further characterized by the following ateps: 

preliminary application of four said electrodes to the respective distal parts of the human extrem- 

meeauring the Integral impedance between each pair of aald electrodes pieced on each arm and 

leg. determination of the main cardiorespiratory parametera of the human body the pair 

of electrodes characterized by the lowest Integral Impedance. 

7. The method according to aalm 1 . characterized In that the eledrodes are applied according to a bipolar 
system. 

S. The method according to Claim 1 . chararterized In thel the eledrodes are applied according to a tatrapolar 

system. 

9. Ths method according to Oalm 1 , characlBrlzod by the following steps: 

continuous checking of each electrode's contact by continuously defining a local capacitance be- 
tween the electrode and the patlenfa aWn during eald measurament, and 

activating an alarm whenever said capacitance exceeds a minimal threshold. 

10 The method according to Claim 1 . characterized by calculating a plurality of sold parametera induding: 
hemodynamic parametera auch as Stroke Volume. 3ystoIiclnd8;i:, Pulse rats. Cartiac output. Heart 
Index Reserve Index Total Reolstanc© Index, Index of Tone Stabilization; 

respiratory parametera auoh as Rate of respiration. Index of Respiration changes. Index of Rasplr- 
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ation intsnarvonesB, Index of Hemodynamic Security, and , . ^ ^ , r,>.„,„,„^ vm 

additional paiainetaia. such aa Index of Reapimlory Duration and Index of Tidal Reaplratory Vol- 



ume. 



11 The method aocordlno to Claim 10. characterized In that a pluialily of parematara charadanzmg ext»ac 
IlMaTfluiSo Im^ hlan body a^ calculated, auch aa Volume of Extracellular Fluids of the whole pa- 
tienra body and Index of Ruld Balance of the whole body. 

12. The method accorting to Oaim 1 . characterized In that a baaic hemodynamic parameter Stroke Volume 
isxa]ctitafcBd-a66Gnllng4O4h0'followlng^quatlsnL, 



sv - • Sr^Sssffi . 5L±-1 . ir«/ m Kw • IB 

^^^^Hct a oorcBcted Haemotacrytia, being 145 + 0.35(/Vrt- 40); 

Haemotacrytia. obtalnad from the blood analysis of the patient: 
K(shMp0^S0r*iigQ) a complex coefficient of the Individual patienfa body, being: 
men younger than 20 yoare old 
B 627,3 -(3.1 • (Actual Age -20)); 
men older than 40 yoara old 
= 527.3 + (3.1 • (Actual Ago -40)); 
women younger then 1B y»ar« old 
= 587.6 -(2.9 • (Actual Age -IB)); 
womenolder than 50 yeart old 
= 587.8 + (2.9 • (Actual Age -50)); 

the ratio cheracterteing the measured active blolmpedanc© component a 
change; 

the corrected height of the patient, given by: 

H « fH^' ^.i^ bodylonflth , Q.54ct0.04 
Wcwr « r ^ } length 

^ ^ p duration of a cardiac cyde, being a aum of its anacrotic and catacrotlc parts; 

A duration of the catacrotlc part of a cardiac cycle; 

coefficient of electrolytic lone In the paUenfa blood, calculated based on the 
blood analyaia and being gh^en by. 
a) for the patients exposed to a hemodlalyala 

^ . . (Nsf-^ 9C^ Mo*+ CenrmmoUl) 
142 + 13(mmoW) 



or 



b) for other patlenU 



142(mmotrt) 



. L , . u I - Actual weight 

Ky, the weight coeftident, being J^^^f—f^^ 

• (acconilnfl to the International Tablea of Ideal weights) 
/0 Index Balance. gNen by the following ratio: 

Xhm meaaured volume of extraoolluler flulda 
* The proper volume of extfQcellulor fluids 

13. A non-lnvaslve medical device for determining at laaot one cardlorespfratory parameter of the human 
body, characterized In that said device comprises in combination: 
atlaasttwoelectrodoa. (11,25-28, 62-63) 

electrical total body Intagrai biolmpedance measuring unit (12, 61) coupled to the etectrodasjll. 
25-26 52-63) and Including a high stability amplitude alternative current source (24) and an electronic 
circuMSO) for automatic derivaUon of an active component of said Integral biolmpedance: and 

a computar (16, 68) couoled to the electrical Integral bloimpedence measuring unit (12. 61) and lo 
a display means far calculating and displaying said at least one cardiorespiratory parameter from the ac 
tivB component of the inlegral biolmpedance. 
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iA, The device according to Claim 13, charaderlzed In that two of said eiectrodes (11. 62-63) are applied to 
the patient's body according to a bipolar ayalam, so as to be used both for current injection and voflage 
meaaurement; and . . 

the two electrodes are connected to the electrical blolmpedance meaaurinfl unit (1 2. 61) via a single 

6 channel (13). 

15, The device according to Claim 13, charactartzod In that four of said electrodes are applied In pairs (62- 
63) to two sectlonB of the patlenrs body according to s tetrapolar system, so that a first pair of the eleo- 
trodea are used for current Injection, and a second pair of the electrodea are used for voltage measure- 

ment; and . . 

the four electrodes are connected to said electrical blolmpedance measunng unit (61) via two chan- 
nels. 

1 8. The device according to Claim 13, characterized In that the current source (24) dellveia high stabBity am- 
plitude alternating current through the patlenfa body being a resistive capacitance (RC) Impedance. 

17. The device accoiding to Claim 16. characterized in that the current source (24) has a atabnity factor of 
between 10-5 10"^ thus enabling the device to measure reliably tha variations in bioimpedance In the 
complete range of 10-*. 

» 10. The device according to Qalm 18. characterized in that said high stability amplitude alternative current 
source (24) delivero to the patlantTa body a currant of 1 to 2 mA. at a frequency of 32 to 100 KHz. 

19. The device according to Claim 13. charecterized In that the electrical integral bioimpedance measuring 
unit (12; 61) compriaea: 

26 a voltage pulse generator, (21) 

a controllable gain amplifier (22) having a flret terminal coupled to the voltage pulae generator (21) 
and having a eeoond terminal coupled to a first filter (23), 

a high atablflty amplitude alternathre current eource (24) coupled to the first filler (23) and having 
a pair of outleta connected to the at least two electrodes (25-28; 62-63) connected across the patient's 
30 body. 

a high precision amplifier (28) connected across oald at least two electrodes for receiving a signal 
therefrom and having an outlet connected to a detector (28) fbrdotedlng the Integral bioimpedance signal 
obtafned and for providing simultaneous separation of Its adJve component from its reactive component, 

a low-pass filter (30) coupled to an output of the detector (28) for Issuing a working signal at an 
36 output of said low-pasa filter (30), 

a capadtof (32) coupled to the output of the low-pass filter (30) for dividing the working elgnal Into 
a direct component and an alternating component, 

a high scaling amplifier (33) coupled to the capacitor (32) for amplifying the alternating component. 

a multiplexer (34) having a pslr of inlets respsctivofy coupled to outputs of the electrical integral 
bioimpedance measuring unit, being the outputs of the low-paea filter (30) and the high scaling amplifier 

(33) , for alternately connecting either the direct or the etternatlng components to an Input of said multt- 
plexer. and 

an analog-to-dlgllal (A/0) converter (36) having an Input connected to the output of the multiplexer 

(34) and having an output connected to said computer (1 5) via a bBnsmltter (36). 

20. The device scconllng to Claim 18. characterized In that the detector (28) Is provided with a switch control 
(31) connected between the output of the flret filler (23) and the input of the high stability amplitude al- 
ternetive current source (24). 

30 21. The device accortlng to Claim 20, characterized In that the detector (28) comprises: 

a first operational amplifier (51) having a pair of Inputs connected to the high precision amplifier 
(28) and a second oporatlonaJ amplifier (52) connected at an inverting Input thoreof to the ouUet of the 
firat f ater (23) through en RC timing circuit, and at Its outlet to the non-inverting input of said f iret opera- 
tional amplifier (51) through an electronic switch (54). 

°' 22. The device according to Claim 19. characterized In that the electrical Integral blolmpedance measuring 
unit (61) /6 provided with a self testing block for testing the unit before starting the meaauremenU; 
the self tasting block comprising: 
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a control unit (37) connected to the second outlet of the controllabJe gain amplifier (22), and 
a aimulatlnfl Impedance circuit (38) connected across the patient's t>ody. 

23. The device accorting to Qaim 19. characterized In that the analoQ-tcdigtel converter (35). the multiplax- 
er (34)and the transmitter (38) are at least partially constituted by a micro-controller. 

24. The device accortlng to Clarm 23, charaderized In that the Inputs of the high precision amplifier (28) are 
connected to at least two said electrodes (82-83), 

there are further provided two ECG electrodes connected to an ECG measuring circuit (84), 
the ou^Fut^ AiAeWftAi (ntograJ blolm pedanca measurin g unit (81) are connecte d to reapectfve 
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Input ports of the micro-controller (85) having at least one output port. 

the output of the high precision amplifier (28) Is connected to the micro-controller (66). 
an output of the ECG measuring circuit (64) to connected to the micro-oontioller (65). and 
the at least one output port of the micro-controller (85) is connected to a computer (86) via Isolation 
circuita (67)and a correction drcult (68). 

25. The device according to Claim 18, characterized in that the high stability amplitude alternative current 
source (24) comprises: 

two symmetric current aouroes (41, 42) connected to the voltage pulae generator (21 ) via the con- 
trollable gain amplifier (22) and the firet filter (23), one of said symmetric current sources (41) being ccn- 
nected to the firet filter (23) through an Inverter (43), and the second symmetric current source (42) being 
connected to the firet filter (23) directly; . ,^ 

the firetof the symmetric currentaourcea stablllzlno the posltlva half-wave alternating voltage, and 
the second of the symmetric current sources stabilizing the negative half-wave altornaUng voltage re- 
ceived from the output of the first fUter; 
2^ and wherein each of the aynunetrlc current sources (41, 42) comprises: 

three high precision operattonal ampllf lere (44. 45, 47) provided with aasociated clrcullry: a firat 
(44) Of the high precision operational ampllf lere having a high output raslatanoe and being provided with 
an alternating signal from the firet filter (23) at the Inverting Input, and being further provided with a pos- 
itive feedback tbrmed by a second high precision, high speed operadonal amplJf ler (45): aald first and see- 
ond operational ampllflero stabilizing the alternating current passing through the load (48): 

the outlet of the f Irat operational amplifier (44) and the non-Inverting Inlet of the second operaLonal 
amplifier (45) forming a zero point; the third operational amplifier (47) ia connected at Ita Inverting Input 
to the zero polnl. and at its output to the non-lnverting Input of said flret operational amplifiar (44) in order 
to provide a zero voltage DC level at said zero point: and 

said load (46). being constituted by a human body. Is connected to two symmetric zero points of 
aald two aymmetric current aouroes. 
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